Abstract--Vulnerability of a variety of candidate spacecraft electronics to total ionizing dose and displacement damage is studied. Devices tested include optoelectronics, digital, analog, linear bipolar devices, and hybrid devices.
A. Test Methods -TID TID testing was performed using a Co-60 source. Dose rates used for testing were between 0.0005 and 50 rads(Si)/s.
B. Test Methods -Proton
Proton DD/TID tests were performed at the University of California at Davis -Crocker Nuclear Laboratory (UCD-CNL) using a 76" cyclotron (maximum energy of 63 MeV) and the Lawrence Berkeley National Laboratory (LBNL) Berkeley Accelerator Space Effects (BASE). Table I lists the proton damage test facilities and energies used on the devices. Table II . Abbreviations and conventions are listed in Table  III . Please note that these test results can depend on operational conditions. Complete test reports are available online at http://radhome.gsfc.nasa.gov [3] . IV. TEST RESULTS AND DISCUSSION As in our past workshop compendia of GSFC test results, each DUT has a detailed test report available online at http://radhome.gsfc.nasa.gov [3] describing in further detail, test method, TID conditions/parameters, test results, and graphs of data.
ACRONYM/ DEFINITION ACRONYM/ DEFINITION
A
A. 66212/Optocoupler (Displacement Damage)/ Micropac
We tested five pieces of the 66212 850 nm optocoupler from Micropac Industries, Inc. for DD dose degradation using the accelerated proton beam at the LBNL BASE facility during June 2010. The CTR of the amplifier was monitored as a function of proton fluence by measuring the I CE as a function of the I F . The parts were irradiated under bias. The 66212 optocoupler consists of an 850 nm GaAlAs LED optically coupled to a phototransistor detector all mounted in a hermetic 4-pin LCC package. Following irradiation to 2×10 12 p/cm 2 with 50 MeV protons, degradation was observed in all devices tested. 99/90 bounds were computed based on the sample standard deviation and one-sided tolerance limits. The device CTR dropped out of datasheet specifications between 4×10 11 cm -2 and 8×10 11 cm -2 at a V CE of 1 V. The measured CTR's at a V CE of 1 V are shown in Fig. 1 . The CTR was normalized to the peak average CTR pre-irradiation; at a V CE of 1 V this was 8.9.
B. AD648/Operational Amplifier/Analog Devices
The AD648 is a pair of low-power, precision op amps with JFET inputs manufactured by Analog Devices. The parts were tested for ELDRS using a Co-60 source, at a dose rate of 10 mrad/s to a total dose of 20 krad(Si). A total of ten parts (20 op amps) were irradiated, with five parts irradiated under biased and five parts with all pins grounded, and an additional two parts were used as controls. Fig. 2 shows the average Ib for the control samples, the parts biased during irradiation, and the parts with all pins grounded during irradiation as a function of dose. At the 10 krad(Si) dose, all biased parts exceeded the specification of I bias and I os , but some parts exceeded the specifications as early as 2 krad(Si). In the case of the unbiased parts, the average I bias also exceeded the specification for I bias at 10 krad(Si), but all other parameters remained within specification to the 20 krad(Si) dose. 
C. AD5544/Digital to Analog Converter/Analog Devices
The AD5544 is a quad, 16-bit, current-output digital-toanalog converter manufactured by Analog Devices. Until mid-2008, the device was manufactured in a BiCMOS technology, while after this date the device was migrated to a pure CMOS technology. Testing was carried out for parts in both technologies. The most notable characteristic of the initial tests done on CMOS technology (LDC 0827) was part-to-part variability; one part failed below 2 krad(Si) (DNL) and some parts performed well up to the highest test dose of 50 krad(Si).
Moreover, multiple failure modes in DNL were noted for different parts and no obvious correlation was seen for failures in the two sensitive parameters-see Figs. 3 and 4. While not a source of component failure in the intended application, IDD was also sensitive to dose, rising rapidly in the biased parts above 15 krad(Si) and reaching more than 10 mA by 50 krad(Si). IDD was unaffected in the grounded components.
Because of the anomalous nature of the results, an additional 5 parts from date code 0827 were tested, along with 5 parts from another CMOS lot, date code 1028. Because the biased parts in previous testing yielded worstcase results, the second batch of parts was irradiated under bias. The concern here was to ensure that the previous results were not due to a bad lot, mishandling, or electrostatic discharge. These tests yielded two additional failures. One part from date code 1028 failed between 7 and 10 krad(Si), and one part from date code 0827 failed between 20 and 30 krad(Si).
At this stage, the project halted qualification of the CMOS AD5544s and procured older BiCMOS parts (date codes 0332 and 0409). Testing for these parts has been completed but further analysis is underway. 
Specification Limit

V. SUMMARY
We have presented data from recent TID and protoninduced damage tests on a variety of primarily commercial devices. It is the authors' recommendation that this data be used with caution due to many application/lot-specific issues. We also highly recommend that lot testing be performed on any suspect or commercial device. 
